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THERMDDYNAM~CS OF MIXTURES CONTAINING TRrETHOXYMETHANE* 
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ABSTRACT 

Excess molar volumes VE at 298.15 K were obtained, as a function of mole 

fraction, for the three binary liquid mixtures ~r~e~h~~~rn~t~ane ICH(OC2H5)3, 

TEBMI + n-heptane, + n-decane and + cycfohexane, The ~nstru~nt used was a 

vibrating-tube densimeter. A Picker flaw calorimeter was used to determine 

excess molar heat capacities CF at constant pressure for these mixtures 

at the same temperature. All excess volumes are positive with VE(x = 0.5) = 

0.743 cm3.mol-' for the mixture (TEOM + n-heptane), 0.974 cm3.mol -1 for 

(TEOM + n-decane), and 0.972 cm3.mol-' for (TEOM + cyclohexane). The corres- 

ponding values for CF(x'= 0.5)/(J.K~'.mol~') are, in the same sequence, 

-0.58, -'.38 and -1.40. The curves Ebb where X' is the mole fraction of 

TEOM, are all rather broad. 

INTRODUCTION 

During the last several years we have investigated systematically selected 

thermodynamic properties of binary liquid mixtures containing either an ether 

*Communicated at the w 8. Ulmer Kalorimetrietage", Ulm,Germany, 
13 to 14 March 1989, Paper No. F16. 
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or an ester as one component, and a hydrocarbon as the other. 
l-11 

Some of these 

mono- and polyoxaalkanes (monoethers or polyethers) and alkylalkanoates (esters) 

are solvents of technical importance, and the mixtures are particularly con- 

venient for testing group contribution models. 
12-t5 

Perhaps the most inter- 

esting aspect is, however, connected with the appearance, in some of these 

mixtures, of W-shaped curves CF vs. x, i.e. of curves with tie minima. Such a 

composition dependence - first found for (1,4-dioxane + n-heptane)7 - is now 

recognized as being of wide occurrence. 
8-10,16-25 

Against this background it 

seemed desirable to inquire as to the thermodynamics of mixtures containing a 

l,l,l-trialkoxyalkane (orthoester) as one component and an alkane as the other. 

Thus we present here results on excess molar volumes VE and excess molar 

heat capacities Ci at constant pressure of binary liquid mixtures containing 

triethoxymethane (triethyl orthoformate, CH(OC2HS)8, TEOM), that is of 

~x~CH(OC2H6)~ + x2n-Cgti2L+2 f with 1 = 7 and e = IO, and of ~x,CH(OC2~~)~ + 

x~c-C~H,~~, all at 298.15 K and atmospheric pressure. Together with previously 

published data on mixtures of n-alkanes and cyclohexane with ethers and esters, 

and with as yet unpublished material on mixtures of alkylalkanoates with 

branched alkanes,26 these results will be instrumental in assessing the 

influence of polarity as well as of molecular size and shape upon thermo- 

dynamic mixing quantities. 

EXPERIMENTAL 

The pure liquids, that is triethoxymethane, n-heptane, n-decane and cyclo- 

hexane, were all of the best quality available from Fluka (puriss. or purum 

quality). They were carefully dried with molecular sieve (Union Carbide Type 

4A, beads, from Fluka) and used without further purification. Binary mixtures 

for both VE and Ci determinations were prepared by mass with a possible error 

in the mole fractions estimated to be less than IO 
-4 . All molar quantities are 

based on the relative atomic mass table of IUPAC, 1986.27 

Densities p were measured with a vibrating-tube densimeter from Sodev 

(model 02D), which was operated under flow conditions.28 Before each series 

of measurements the instrument was calibrated with vacuum and doubly distilled 

and degassed water using pH o(298.15 K) = 997.047 kg,mw3 as reported by Ke11.2Q 

From the measured density, $he excess molar volume of any mixture is obtained 

according to 

VE = x~M,&'P - I/P;) + x2M2(1/p - j/p;) (t) 
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where Mi, o; and xi denote, respectively, the molar mass, the density and the 

mole fraction of triethoxymethane (i = I) or hydrocarbon (i = 2). 

Heat capacities per unit volume were measured with a Picker flow calorimeter 

(from Setaram), using the stepwise procedure.28'30y3' For all measurements we 

used a temperature increment of approximately 1 K centered on 298.15 K. The 

heat capacities per unit volume were converted to molar heat capacities Cp 

with use of our measured densities. Excess molar heat capacities were then 

calculated from 

c; = cp - tx,c; , , + x2c;,2) (2) 

* 
where CP 1 is the molar heat capacity of pure triethoxymethane, and C6 2 is the 

molar hez& capacity of pure alkane. 
3 

For both densimeter and flow calorimeter, temperature control was better 

than 2 0.002 K as checked by a quartz thermometer (Hewlett Packard, model 

2801 A). 

RESULTS AND DISCUSSION 

Experimental results for density and molar heat capacity at constant pres- 

sure of the pure liquids are given,in Table 1 along with selected values from 

the literature. In general, agreement with the literature data is excellent. 

No published value for Ci , of triethoxymethane could be found for comparison. 

Results for the excess'molar volumes and the excess molar heat capacities 

of the mixtures at 298.15 K are given in Table 2, while graphical represen- 

tations are provided by Figs.1 and 2. For each mixture, the excess quantities 

were fitted with a smoothing function of Redlich-Kister type, that is 

k 

QE = x1x2 
r: 

Ai(x, - x2ji (3) 

i-0 

where either QE = VE/(~m3.~l-') or QE = CF/(J.K-'.mol-'l, x1 is the mole 

fraction of TEOM and x2 is the mole fraction of hydrocarbon. The coefficients 

Ai and the corresponding standard deviations s(QE) are shown in Table 3. These 

coefficients were used to obtain the calculated curves in the figures. No 

literature results could be found for comparison. 

For the mixtures (TEOM + an n-alkane) the dependence of VE on the chain 

length e of the n-alkane n-CbH2g+2 is as expected, that is VE increases with 

increasing t. The magnitude of the excess molar volumes is similar to that found 

for corresponding mixtures of n-alkanes with alkylalkanoates of comparable 
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TABLE 1 

Density p* and molar heat capacity CF at constant pressure of the pure liquids 

at 298.15 K 

p*/(g.cms3) C%(J.K-'.mol-') 

This work Literature This work Literature 

"-C7H16 0.6795 0.6794ga) 224.78d) 

n-C10H22 0.7261 0.72623a) 313.30 314.47e) 

C-C6H12 0.7737 0.77384b) 157.07 157.35f) 

CH(OC2H5)3 0.8876 0.88757') 290.84 - 

a) American Petroleum Institute. 
32 b) 

d) 
Tanaka.33 ') Timmermans,34 interpolated. 

This value (from Fortier et al. 
35 

) was adopted for the n-heptane sample used 

as ultimate reference liquid in all our heat capacity measurements. e) 

et al 36 f, 

Messerly 

Grolier et al. 
28 . 

size 1o'26 For (TEOM + cyclohexane) Vkax = 1.004 cm3.mol 
-1 

. at x, max = 0.4096, 

which is similar to the VEs measured previously' for mixtures of'cyclohexane 

with alkylalkanoates. 

As concerns the excess molar heat capacities, the curves Ci(x,) are quite 

broad, which shape is reminiscent of that observed for mixtures of cyclohexane 

(or n-alkane) with higher members of the alkylalkanoates, such as for (n-propyl- 

propanoate + cyclohexane).' We note that TEOM has a smaller reduced electric 

dipole moment than propylmethanoate, 
37-39 

whose mixtures with n-heptane, 

n-decane and cyclohexane 
9,lO 

all show a W-shaped composition dependence 
24,40-43 

of CF at 298.15 K. The relative dielectric permittivity (at about 293 K) of 

TEOM 34 . IS 4.8, that of propylmethanoate 
44 

is 7.7. 
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Fig. 1. Excess molar volumes VE at 298.15 K. Experimental results: A , 

fxlCH(OC2H5)3 + x211-C7Ht61; @ (run 1) and 0 (run 21, IxtCH(OC2H5)3 + 

x2n-C,0H221; i (run 1) and c1 (run 21, fx,CH(OC2H~)3 + x2c-COH,$. The curves 

have been calculated from eqn.(3) with coefficients from Table 3. 

-2L I I I I I 

0 0.2 0.4 0.6 0.8 1 
Xi 

Fig. 2. Excess molar heat capacities CF at 298.15 K. Experimental results: A , 
~x~CH(OC~H~)~ + x2n-C7Hl$; 0, IxlCH(OC2H5)3 + x2-C,OH221; I4 (run 1) and Cl 

(run 21, fx,CH~O~~H~)3 * x2c-C6Ht2}. The curves have been carculated from 

eqn.f3) with coefficients from Table 3. 
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